Objectives: Although the United States has generally enjoyed declining rates of fatal occupational injury, the rate of decline has not been uniform. To examine the heterogeneity of trends, changes in fatal occupational injury rates from 1980 to 1996 were estimated by occupation, industry, geographic region, and demographic group. Methods: Deaths due to injury at work during 1980-96 were identified from the US National Traumatic Occupational Fatality database and populations at risk were estimated from the census of population. Mortality rates were computed for unintentional injuries, homicides, and all injuries combined. The annual rate of change was estimated using Poisson regression to model the death rate as a function of time.
O n a national level, the United States has enjoyed declining rates of fatal occupational injury for at least two decades. Despite growth in the size of the labor force, the number of workers dying on the job decreased from approximately 7300 in 1980 to 5300 in 1995, with an accompanying reduction in the annual rate of fatal occupational injuries from 7.4 to 4.3 per 100 000 workers. 1 Virtually every segment of the workforce and major industrial sector experienced a downward trend in fatal injury rates during the 1980s and early 1990s. [1] [2] [3] While these trends are encouraging, the rate of improvement in fatal injury rates has not been uniform. Some research suggests that for some groups of workers the rate of decline in the fatality rate was notably slower than the average decrease of about 3% per year. 2 3 Workers over age 60 experienced a decline of less than 1% per year, for example, as did the important retail industry sector. 2 Analyses of state level data indicate that some industries actually experienced substantial increases in fatal injury rates during the 1980s. 4 These findings suggest that examination of fatal injury trends on a broad, national level may mask important variation in the rate of change.
To update previous descriptions of trends in fatal occupational injury and examine the range of trends among demographic groups, occupations, industries, geographic regions, and major categories of injury, we used Poisson regression to model trends in fatal occupational injury rates in the United States during the years 1980-96.
METHODS
Occupational injury deaths were identified via the National Traumatic Occupational Fatalities (NTOF) surveillance system, a data base compiled by the US National Institute for Occupational Safety and Health using death certificates from the 50 states, New York City, and the District of Columbia. The NTOF system includes all deaths of persons age 16 or older that are certified as the result of injuries (International Classification of Diseases, 9th revision codes E800-E999) that the death certificate indicated were sustained "on the job". 5 Deaths in the workplace from suicide, medical misadventure, non-work related choking on food or other objects, non-occupational poisoning by therapeutic drugs or beverage alcohol were excluded.
The remaining, eligible deaths in the NTOF system were tabulated simultaneously by calendar year, sex, age, race, occupation, industry, and geographic area. Age was aggregated in categories of 16-19, 20-49, 50-64 , and >65 years. The ability to identify races and ethnic groups was limited by the information provided on the death certificate, so race categories of white, black, and other were the only ones employed. No consistent indicator of Hispanic or Latino ethnicity was available throughout the study period, and workers of other classified race groups were not sufficiently numerous for separate analysis. For occupation and industry, we collapsed the three digit United States census codes from the death certificate as in a previous study to form 30 occupational and 48 industrial categories. 6 Geographic areas were based on the United States regions and divisions defined by the Bureau of the Census. 7 For each cell defined by the preceding variables, we estimated the workforce at risk from the 1980 and 1990 census of population (the necessary data from the 2000 census are not yet available). Workforce sizes in intercensal years were estimated by linear interpolation and extrapolation.
Merging the death data with the workforce estimates required exclusion of observations with invalid or missing data for sex, age, race, occupation, industry, and place of residence. Deaths in categories for which the estimated workforce was zero or smaller than the number of deaths were also excluded on the assumption that the recording of a death in such categories was the result of miscoding.
Rates of fatal occupational injury were estimated for each year as the count of injury deaths divided by the estimated number of workers employed in that year, which approximates worker years at risk. To estimate trends, we modelled the rate of fatal occupational injury as a function of calendar year using Poisson regression. 8 9 The basic model had the form: log(rate) = β 0 + β 1 (year−1980). Calendar year was entered as a continuous variable, scaled by subtracting 1980 so that the intercept β 0 has a natural interpretation as the log of the baseline fatality rate in the first year of the study. Separate models were fit to estimate trends for all occupational injuries combined, unintentional trauma, and homicide, and the data were stratified to examine the effects of age, sex, race, and other factors in separate models.
RESULTS
The study included 85 590 eligible deaths ( 90% of deaths from non-excluded causes) from injuries suffered on the job. Of this total, 72 842 deaths were unintentional and 12 748 were due to homicide. Estimates obtained from the Poisson regression models indicate that the rate of fatal injury decreased for all occupational injuries combined, for unintentional injuries and for homicide during this period (fig 1) . For all injuries, the fatality rate declined at an estimated 3.3% per year from a baseline of 5.78 per 100 000 worker years in 1980 (table 1), but the estimated rate of decline was steeper for unintentional injury (3.70% per year) than for homicide (0.90 per year).
Workers in all age, sex, and race categories enjoyed reductions in the overall risk of injury during the study period, but the rate of change varied considerably among the groups (table 1) . The overall fatal injury rate decreased most rapidly among workers younger than 20 years (over 7% per year), while workers over age 50 experienced slower declines, on the order of 2% per year. The rate of improvement was faster for men than for women, although the absolute risk remained much higher for men. The trends for black and white workers were similar, but those for workers of other races were notably slower (table 1).
Declines were generally slower for homicide than for unintentional injury. Women and workers over age 65 had more rapidly decreasing homicide rates, while the rate of homicide increased for workers of race categories other than black or white (table 1) .
Most individual occupation and industry categories also saw fatalities decline at near the average rate of 3% per year for all injuries. More rapid declines, on the order of 5% per year, were seen in some occupations and industries, including the military, technicians, precision production occupations, and in the industry categories of service stations, electric and gas utilities, and sawmills ( fig 2) . Others, including occupations related to agriculture, fishing, hunting and trapping, services, and transportation, and diverse industries in the sectors of manufacturing, services, and retail had slower declines or no improvement ( fig 2) . A few groups, notably health service occupations and the taxi industry, experienced increasing fatality rates over the study period (fig 2) . The pattern of changes for unintentional fatalities was generally similar (data not shown).
For homicide, a larger number of groups, including workers in health service, occupations, several transportation and material moving occupations, and technicians, as well as the industries of communications, taxi services, public administration, and detective and protective services, experienced increasing rates (fig 3) . The precision of the trend estimates for homicide was generally poor, however. A number of other industries and occupations experienced faster than average declines in the rate of homicide, but confidence intervals were again quite wide (fig 3) . Protective service occupations and the gasoline station and entertainment and recreational services industries were notable for homicide rates that declined 2% to 7% per year and relatively narrow 95% confidence intervals. All geographic regions of the United States experienced decreasing rates of occupational injury, but the rate of change was again quite variable (table 2). Southern and western states had the highest initial rates in 1980, but also had the steepest declines in the overall injury rate, ranging from 4% to 5% per year. At the other extreme, the Northeast had a low initial rate and a slower rate of decline (0.6% per year) for all injuries. The pattern of changes in the rate of unintentional injury was generally similar, but changes in homicide rates were still more variable across regions (table 2). The West and Midwest experienced roughly equal rates of decline, at approximately 2.5% per year, while the decline was slower in the South, where the rate had been highest in 1980. In marked contrast, the rate of homicide in the Northeast increased nearly 7% per year.
DISCUSSION
Our findings are broadly consistent with the results of previous studies that reported downward trends in the rate of fatal occupational injury in the United States during the last two decades of the 20th century. We estimated that between 1980 and 1996 the overall rate of fatal workplace injury declined at a rate of 3.3% per year. Stout et al reported a 3.7% average annual rate of decline between 1980 and 1989, 3 and Bailer et al reported a decline of 3.4% per year from 1983 to 1992. 2 These previous studies considered only the total injury rate, however. We found that the observed trends were driven primarily by declining rates of unintentional occupational injury, while the rate of homicide on the job declined much more slowly, at less than 1% per year. During the study period, homicide represented only about 15% of all workplace deaths in the United States, but was the second leading cause of death on the job for all workers (after motor vehicle incidents), and the leading cause for working women. 1 Trends in the rate of workplace homicide tend to parallel those for homicide in general, which have declined gradually since the early 1980s, interrupted by a shallow peak in the early 1990s. 10 Broad downward trends in unintentional occupational injury rates are subject to two general interpretations: this phenomenon could be explained by either improving safety across the spectrum of workplaces or by changes in the composition of the labor force, such that a decreasing proportion of workers are engaged in hazardous jobs. These hypotheses are not mutually exclusive, and our data provide some support for each of them.
Analyses of individual industries and occupations showed downward trends in injury rates that are consistent with widespread improvements in workplace safety. Safety may be improved as a direct result of deliberate interventions undertaken through regulation or voluntary efforts on the part of employers or workers, but improvements may also be an indirect byproduct of changes in products, processes, equipment, and materials. For example, automation or the adoption of closed systems may reduce risk by removing workers from the process of production. However, the observation that some industries and occupations experienced no change in injury rates or had increasing rates not only demonstrates that the benefits of improved safety were not shared uniformly, but suggests that increases in the proportion of workers employed in safer jobs may play a part in explaining the overall trend. Beneath the global tendency toward decreasing risk of fatal injury on the job, we observed considerable diversity in the trends associated with geographic region and the worker attributes of race, sex, and age. These trends, too, can be considered in light of the same processes that influence fatal injury rates for the workforce as a whole. For example, the observation that women had a relatively low rate of unintentional fatal injury in 1980 and saw little improvement subsequently, while men had both higher rates at the beginning of the period and much more rapid rates of decline afterward, is consistent with the hypothesis that women began the period in relatively safe jobs and remained there, while the proportion of men working in lower risk jobs increased during the study period. Census data support this interpretation: the proportion of women employed in retail, services, banking, and other historically low risk sectors has remained relatively constant, while the number of men employed in these sectors has increased in concert with decreases in the number working in manufacturing, mining, farming, and other higher hazard industries.
The extent to which actual improvements in safety on the job might contribute to the differences in trends for women and men is difficult to assess, because data on exposure to hazards are not available. Nevertheless, the observation that fatality rates declined in such historically male dominated industries as mining, transportation, and the military suggests that improvements in working conditions may have played a part.
Geographic variation in occupational injury trends may be explained in part by the regional diversity of economic change. The South and West, which had both the highest fatality rates in 1980 and the most rapid declines in rates subsequently, have also experienced rapid economic changes that have tended to displace employment from such traditional industries as farming, mining, wood production, and fishing, toward jobs in the relatively safer service, retail, and technology sectors. 4 11 12 A shift of employment away from historically hazardous sectors, such as agriculture, may also have a role in explaining the greater improvements in safety enjoyed by younger workers, relative to older ones, and by white and black workers, relative to workers of other race groups. These hypotheses merit further investigation.
Indications of increasing injury risk for some work settings and segments of the labor force also require attention. These observations suggest that safety conditions may be deteriorating for some workers. Reduced investment in safety and increased production rates in highly competitive industries have been hypothesized as one possible cause of increasing rates of unintentional occupational injury. 4 Increases in the risk of workplace homicide for some subgroups may be driven by general social trends in the occurrence of violence.
This study had several limitations. In the United States, death certificates are the most comprehensive source of information available on occupational injuries 13 but they provide only limited information for each case. The description of the work environment is limited to titles for the decedent's "usual" occupation and industry, rather than those at the time of injury. Previous research suggests that death certificate occupational information is a reasonably good proxy measure of the last occupational activity, particularly when occupation and industry are categorized, 14 15 but some misclassification is to be expected. Other limitations of death certificate data have been discussed previously, and include underascertainment of work relatedness and difficulties in classifying ethnicity and race. 1 13 15 16 It should be noted that none of these problems affect the estimation of trends, as opposed to injury rates, unless their magnitude has changed systematically and substantially over time.
The census data used to characterize the population at risk have related limitations. The data identify respondents' current occupation and industry, but the lack of detail concerning exposures and working conditions for decedents as well as the population at risk is a weakness that precludes complete exploration of some questions.
Additional uncertainties are associated with the method of estimating the size of populations at risk of occupational injury. We used data from the 1980 and 1990 census of population and assumed linear growth between census years. The census sample is large and offers good precision, but population estimates for non-census years could be biased if the assumption of linear increase is incorrect. As an alternative, other researchers have used annual labor force data from current population surveys to estimate working populations. 2 3 Sample sizes in the surveys are small, however, so the precision of the estimates is not as good as that of the census. The use of either data source therefore requires compromises between precision and validity. It should be noted, however, that estimates of trends in injury rates based on the census would be biased only if the true rate of change in workforce size diverged systematically from the assumed model. Methods for estimating the size of working populations require further evaluation. Nevertheless, the concordance between our census based trend estimates and the trends estimated by Bailer et al 2 using the current population surveys suggest that these results are robust to the source of data used to estimate the population at risk.
Finally, we assumed that the logarithm of occupational fatality rates changes in a linear fashion over time. Other models could conceivably provide a more detailed description of the data, but the log linear model we used has been shown to be a reasonable fit to the data. 7 Moreover, the phenomenon of primary interest in this study was the long term change in fatal injury rates over the entire study period, rather than changes on a shorter time scale. A log linear model provides a simple, readily interpretable description of this change.
The long term decline in the overall rate of fatal occupational injury is encouraging. At the same time, the disparities in trends of fatal injury rates across causes of death, regions, and demographic groups serve to draw attention to possible opportunities to reduce the risks workers face. Increasing injury rates deserve particular attention from policy makers, as well as from researchers.
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Key points
• For all US workers and all types of injuries combined, the rate of fatal injury on the job declined 3% per year from 1980 to 1996.
• The rate of decline was not uniform, however: some worker groups and geographic regions enjoyed greater improvements than others.
• The rate of decline was also more rapid for unintentional injuries than for homicide.
• Unintentional injury and homicide rates increased for some occupations and industries.
• The reasons for disparities in the rate of decline in fatal occupational injury rates, or for increasing rates, are research questions to be explored in future studies. 
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